ABSTRACT. A total of 46 cattle, including 25 as control, 16 with glycogen degeneration and 5 with severe fatty degeneration were studied. Whole blood and liver tissue specimens were used to measure glutathione peroxidase (GSH-Px) and Glucose-6-Phosphate Dehydrogenase (G6PD) activities. The present study determined the value of these parameters in diagnosing glycogen and fatty degeneration in cattle from the point of the status of antioxidation and lipid peroxidation. The results showed a significant decrease in hepatic GSH-Px activity and a significant increase in hepatic G6PD activity in cases of fatty degeneration. On the other hand, there were no significant changes in erythrocytic and hepatic GSH-Px and G6PD activities in cases of glycogen degeneration. The results indicated lipoperoxidation process in the liver tissues increased in cases of fatty degeneration. Therefore, supplying animals suffering from fatty liver with sufficient quantities of nutrient antioxidants may be valuable when treatment is considered.
Liver degeneration is a pathological concept and shows a retrogressive change in tissues with characteristic abnormal structural changes and decreased function. Organs undergoing acute degenerative changes tend to be larger and heavier than normal [6] . The hepatocytes of well-nourished animals normally contain considerable amount of glycogen, giving the cytoplasm a finely foamy appearance. However, excessive accumulation of glycogen may occur pathologically in the cytoplasm of the liver, kidneys and cardiac muscles with no gross change in the affected organs [12] . Excessive fat accumulation in the liver is a common metabolic disorder seen in humans and companion animals [4] . In dairy cows, increase in liver fat content is extremely common during the peripartum period but when severe, it is associated with clinical problems including increased morbidity and mortality and reduced breeding efficiency [11] . Fatty infiltrations eventually disturb the functions of the liver and create favorable conditions for degenerative processes which may end in cirrhosis [17] . The present study determined the value of glutathione peroxidase (GSH-Px) and glucose 6 phosphate dehydrogenase (G6PD) activities for diagnosing liver diseases in cattle from the point of the status of antioxidants and lipid peroxidation.
MATERIALS AND METHODS

Animals:
A total of 46 cattle, including 25 as controls, 16 with glycogen degeneration and 5 with fatty degeneration were studied. These animals were either slaughtered at the Asahikawa slaughterhouse (Asahikawa, Hokkaido, Japan) or examined by autopsy at the Morioka Livestock Hygiene Center (Morioka, Iwate Ken, Japan). After recording the case history and collecting blood samples, each animal was examined pathologically and liver samples were collected. Samples from animals with no abnormal clinical signs and no gross postmortem pathological changes were used as controls. The types of degeneration were classified into glycogen degeneration and severe fatty degeneration groups according to the gross and histopathological findings.
Erythrocytic and hepatic GSH-Px and G6PD activities: Intracellular erythrocytic GSH-Px (expressed as U/g Hb) and hepatic GSH-Px (expressed as U/g protein) activities were determined by using test kits supplied by Oxis Research (Bioxytech ® GSH-PX-340) U.S.A. Intracellular erythrocytic G6PD (expressed as U/g Hb) and hepatic G6PD (expressed as U/g protein) activities were measured according to the method described by Deutsch [8] . The reagents were prepared in our laboratory and measured by using spectrophotometer (UV-1200 spectrophotometer, Shimadzu, Kyoto, Japan).
Whole blood: Blood samples were collected in EDTA and then centrifuged 3,500 rpm for 15 min at 4°C. The plasma and buffy coat were drawn off directly after centrifugation and the packed cells were washed once with ten volumes of cold saline. For determination of erythrocytic GSH-Px activity, the red blood cells (RBCs) were hemolysed by adding 4 volumes of cold deionized water. For G6PD activity of erythrocytes, RBCs were hemolysed by mixing 0.05 ml of the washed cell suspension with 0.5 ml of lysing solution and then the hemolysate was stored at -70°C till subjected to analysis.
Liver tissue specimens: These were divided into two parts. One part was kept in neutral buffered formalin (10%) and used for histopathological examinations. The other part was used to measure GSH-Px and G6PD activities. To determie the activities, the specimens were washed twice in normal saline (0.9%) and then homogenized in 8 volumes (per weight tissue) of cold buffer (50 mM TRIS-HCL, pH 7.5) using a universal homogenizer (Nihonseiki, Japan). After centrifugation of the homogenized samples at 5,000 × g for 30 min at 4°C, the supernatant fluid containing the enzyme was removed and frozen at -70°C, till subjected to analysis.
Histopathological examinations: Hepatic tissues fixed in 10% neutral buffered formalin were processed routinely for paraffin embedding technique. The processed tissues were cut using a tissue microtome. The sections were stained using the standard Haematoxylin and Eosin (H. & E.) method [2] .
Statistical analysis: This was done using the Windows program (Statlets 2000, version 2.01, by StatPoint LLC. Englewood Cliffs, N. J.), depending on one way ANOVA and t test for analysis.
RESULTS
Histopathological findings:
The livers with glycogen degeneration showed the presence of irregular clear spaces in the cytoplasm of the hepatocytes (Fig. 1) . However, in cases of severe fatty degeneration, there were rounded fat globules in the hepatocytes that displaced their contents to one side (Fig. 2) .
Erythrocytic and hepatic GSH-Px and G6PD activities: There was a significant decrease in hepatic GSH-Px activity (14.4 ± 1.7 U/g protein, p<0.01) and a significant increase in hepatic G6PD activity (3.8 ± 0.5 U/g protein, p<0.01) in cases of fatty degeneration. On the other hand, there were non-significant changes in erythrocytic GSH-Px and G6PD activities in the two types of liver degeneration under study. The results also showed non-significant changes in hepatic GSH-Px and G6PD activities in cases of glycogen degeneration as shown in Table1. DISCUSSION GSH-Px detoxifies peroxides in the cell, because peroxides can decompose to form highly reactive radicals, GSHPx plays a critical role in protecting the cell from free radical damage, particularly lipid peroxidation [13] . The cellular GSH-Px system can be rated as a highly efficient and indispensable constituent of cellular devices protecting against oxidative stress [21] . G6PD is an NAD-dependent dehydrogenase that catalyzes the first reaction of the pentose phosphate pathway, providing reduced equivalents NADPH coenzyme [10, 22] . Recent investigations have demonstrated that G6PD plays a protective role against free radicals [19] . Cells experiencing oxidative stress require a continuous supply of reducing equivalents in the form of NADPH [14] .
The absence of significant changes in erythrocytic GSHPx and G6PD activities in cases with glycogen and fatty degeneration in this study indicates that there is no oxidative stress in the erythrocytes in cattle suffering from the two types of hepatic degeneration studied. Impaired hexose monophosphate shunt metabolism has been reported to be a common acquired RBC abnormality in patients with severe liver disease [21] . Moreover, GSH-Px activity is lower in erythrocytes from patients with cirrhosis [9] . In the present investigation as shown in Table1, there were no significant changes in hepatic GSH-Px and G6PD activities in cases with glycogen degeneration thus eliminating the involvement of free radicals in this type of degeneration. On the other hand, the significant decrease in hepatic GSH-Px activity in cases of fatty degeneration may be attributed to increased free radical levels in the liver that inhibit the enzyme activity. It has been reported that increased free radical levels impair DNA, enzymes containing thiol groups and cell membranes [15, 18] . Free radicals can oxidize proteins, the amino acids being oxidized to their hydroxy derivates; for example, phenylalanine can be oxidized to hydroxyphenylalanine, such oxidation can cause enzymatic inactivation [7] . Furthermore, oxygen free radicals might play a role in the pathogenesis of tissue damage in liver diseases where antioxidant tissue systems are reduced. The leading mechanism of free radical toxicity is the peroxidation of membrane phospholipids [1, 3, 18] . Nevertheless, depletion of antioxidant defense mechanisms can impair cellular functions and render hepatocytes more susceptible to the lethal effects of endogenous and exogenous peroxides [20] . Previous studies reported that cows with fatty liver had an increased malondialdhyde production and low plasma and liver α-tocopherol, which indicated increase in the intensity of hepatic lipoperoxidation process and a low antioxidative status [16] . The significant increase in hepatic G6PD activity in cases of fatty degeneration may be attributable to the deposition of fat in the liver. Hepatic G6PD activity significantly increases in parallel with fatty liver in cattle [5] , the increased level of this enzyme generates NADPH, a substrate required for fatty acids synthesis [4] . On the other hand, NADPH is required to regenerate reduced glutathione to maintain protection against hydrogen peroxide [14] .
In conclusion, the present study determined the value of GSH-Px and G6PD activities for diagnosing liver diseases in cattle from the point of the status of antioxidants and lipid peroxidation. The results indicated that the increased lipoperoxidation process in the fatty liver of cattle and consequently, supplying animals suffering from fatty liver with sufficient quantities of nutrient antioxidants may be valuable when treatment is considered.
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